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(57) ABSTRACT 
A method for generating a thermal target. The method 
includes generating hot-body thermal radiation from a 
heated source, the thermal radiation emanating from a 
projection region With a ?rst maximum dimension, and 
employing an optical arrangement to project at least part of 
the thermal radiation onto a target region of a surface, the 
target region With a second maximum dimension greater 
than the ?rst maximum dimension. 
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OPTICAL PROJECTION OF A THERMAL TARGET 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0001] The present invention relates to thermal target 
simulation, in particular, it concerns generation of a thermal 
image by optical projection onto a surface. 

[0002] Many systems, particularly Weapon systems, oper 
ate by sensing, recogniZing, analyZing, tracking, and/or 
homing in on a pattern of infrared (“IR”) radiation generated 
by a body at a raised temperature, or having a prede?ned 
temperature distribution. Such systems must be tested on 
thermal targets Which simulate a range of intended operating 
conditions for the system. 

[0003] The conventional approach for generating a ther 
mal target is to employ a sheet or block of thermally 
conductive material of the required siZe and shape ?tted With 
one or more heaters and having a thermostatic controller. 
Generally, the exposed surface area of the device renders it 
dif?cult to control the temperature of the body precisely, 
particularly under adverse environmental conditions such as 
exposure to Wind or rain. Where a large target siZe is used, 
it can become particularly difficult to ensure high thermal 
stability and uniformity. Thermal target simulating devices 
are expensive to produce, and must be customiZed for each 
siZe and shape of target required. The costs of such devices 
is particularly problematic When performing Weapon system 
tests Wherein the target itself is destroyed during testing. In 
many cases, adjustment of the target temperature is also be 
very time consuming, taking as much as several hours to 
heat a target thoroughly, and even longer to alloW cooling to 
a loWer temperature. 

[0004] For small targets, commercially available devices 
knoWn as “extended blackbodies” provide a partial solution. 
These devices have an enclosed cavity With specially 
arranged and treated surfaces maintained at a constant 
temperature so as to generate an approximation to ideal 
“blackbody radiation” at an aperture. These extended black 
bodies are readily controllable and offer a high stability and 
uniformity. Nevertheless, since the output aperture is much 
smaller than the dimensions of the device, currently avail 
able blackbody devices are limited to maximum target 
diameters of about 0.3 m. For extended (large) targets of 
dimensions over 0.5 m blackbody devices are not a feasible 
option. 
[0005] For laboratory experiments, blackbody devices are 
sometimes combined With optical components such as col 
limators and patterned apertures for testing sensor proper 
ties. Such optical systems typically require that the optical 
components occupy the entire ?eld of vieW of the sensor, 
and are therefore only feasible for controlled laboratory 
testing. Furthermore, even if used in the ?eld, these optical 
systems are highly directional such that only a single sensor 
can typically vieW the target at a time. The optical compo 
nents are also typically bulky and interfere With superposi 
tion of the target on a natural background. 

[0006] Also knoWn are controllable infrared display 
devices Which can generate a dynamic display Where indi 
vidual pixels generate infrared under control of a processor 
system. Such devices are very costly, and still do not provide 
a viable solution for presenting a large target against a 
natural background. 
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[0007] There is therefore a need for a system and method 
for generating extended thermal targets Which can be used to 
provide different siZes and/or shapes of target against a 
natural background. It Would also be advantageous to pro 
vide a system and method for generating extended thermal 
targets Which Would provide rapid adjustability While ensur 
ing high temperature resolution, high uniformity and high 
stability. 

SUMMARY OF THE INVENTION 

[0008] The present invention is a thermal target projection 
system and corresponding method for generating a thermal 
target. 

[0009] According to the teachings of the present invention 
there is provided, a method for generating a thermal target 
comprising: (a) generating hot-body thermal radiation from 
a heated source, the thermal radiation emanating from a 
projection region having a ?rst maximum dimension; and 
(b) employing an optical arrangement to project at least part 
of the thermal radiation onto a target region of a surface, the 
target region having a second maximum dimension greater 
than the ?rst maximum dimension. 

[0010] There is also provided according to a further fea 
ture of the present invention, a thermal target projection 
system comprising: (a) a heated source for generating hot 
body thermal radiation, the thermal radiation emanating 
from a projection region having a ?rst maximum dimension; 
(b) a surface; and (c) an optical arrangement deployed to 
project at least part of the thermal radiation onto a target 
region of the surface, the target region having a second 
maximum dimension greater than the ?rst maximum dimen 
sion. 

[0011] According to a further feature of the present inven 
tion, the heated source is a blackbody device. 

[0012] According to a further feature of the present inven 
tion, the optical arrangement includes a variable aperture, 
the method further comprising adjusting the variable aper 
ture so as to vary an apparent temperature of the projected 
target. 

[0013] According to a further feature of the present inven 
tion, the optical arrangement includes a mask for de?ning a 
shape of the target region onto Which the thermal radiation 
is projected. 

[0014] According to a further feature of the present inven 
tion, the target region includes the entirety of the surface. 

[0015] According to a further feature of the present inven 
tion, the optical arrangement directs the thermal radiation 
over a range of directions extending beyond the surface. 

[0016] According to a further feature of the present inven 
tion, the surface has an emissivity of less than 0.2, and in 
certain preferred cases, less than 0.1. 

[0017] According to a further feature of the present inven 
tion, the surface provides a scattering effect for the thermal 
radiation. 

[0018] According to a further feature of the present inven 
tion, the surface is formed by a coating containing particles 
of material having emissivity less than 0.2. 
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[0019] According to a further feature of the present inven 
tion, the surface is formed by a coating containing particles 
of aluminum. 

[0020] According to a further feature of the present inven 
tion, the second maximum dimension is at least half a meter. 

[0021] According to a further feature of the present inven 
tion, the ?rst maXimum dimension is no more than 30 
centimeters. 

[0022] There is also provided according to a further fea 
ture of the present invention, a method for generating a 
thermal target comprising: (a) providing a source of elec 
tromagnetic radiation having a Wavelength in the range from 
3 microns to 14 microns; (b) employing an optical arrange 
ment to project at least part of the electromagnetic radiation 
onto a target region of a surface; and (c) adjusting at least 
one of the source and the optical arrangement so as to 
achieve a prede?ned temperature difference betWeen at least 
part of the target region and a background region as mea 
sured by a given radiant heat sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The invention is herein described, by Way of 
eXample only, With reference to the accompanying draWings, 
Wherein the sole FIGURE is a schematic representation of a 
thermal target projection system, constructed and operative 
according to the teachings of the present invention, for 
generating a thermal target. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] The present invention is a thermal target projection 
system and corresponding method for generating a thermal 
target. 

[0025] The principles and operation of systems and meth 
ods according to the present invention may be better under 
stood With reference to the draWings and the accompanying 
description. 
[0026] Referring noW to the draWings, the Figure shoWs a 
thermal target projection system, constructed and operative 
according to the teachings of the present invention, for 
generating a thermal target. Generally speaking, the system 
includes a heated source 10 for generating hot-body thermal 
radiation from a projection region 12. Heated source 10 may 
be any stable source of thermal infrared radiation (i.e., 
primarily in the Wavelength ranges of 3-5 pm and/or 8-14 
pm). Most preferably, heated source 10 is a black-body type 
radiation generating device Which gives out thermal radia 
tion from an aperture Which de?nes projection region 12. 
Other options for source 10 Will be discussed further beloW. 

[0027] It is a particular feature of the system of the present 
invention that it includes an optical arrangement 14 
deployed to project at least part of the thermal radiation from 
region 12 onto a target region of a surface 16. Optical 
arrangement 14 is con?gured to spread the thermal radiation 
so that the target region has a maXimum dimension DT 
greater than the maXimum dimension of projection region 
DP. 
[0028] It Will readily be appreciated that projection of a 
thermal target provides major advantages over the heated 
body targets of the prior art. Firstly, the use of optical 
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arrangement 14 alloWs for generation of a thermal target of 
substantially any required siZe by use of a single heated 
source 10. Secondly, the thermal target can be projected on 
a Wide range of surfaces, rendering the system cost effective 
even for cases Where testing is destructive of the target. 
Thirdly, the use of a projected thermal target from a stable 
radiation source typically avoids the need for precise control 
of the actual body temperature of the body on Which the 
target is projected, thereby alloWing more rapid adjustment 
of the effective target temperature, and facilitating improved 
resolution, uniformity and stability of the temperature con 
trol. These and other advantages of the present invention 
Will become clearer from the folloWing description. 

[0029] Turning noW to the features of the thermal image 
projection system in more detail, as mentioned above, 
heated source 10 may be any stable source of thermal 
infrared radiation (i.e., primarily in the Wavelength ranges of 
3-5 pm and/or 8-14 pm). In a ?rst basic implementation, 
heated source 10 is a simple heated body in Which case 
“region 12” is typically the entire surface of the body Which 
faces in the direction of target projection. According to a 
further option, heated source 10 is implemented as one or 
more heating element (bar or coil etc.), typically in combi 
nation With an arrangement of re?ectors to distribute the 
radiation approximately evenly. According to yet a further 
option, the heated source 10 can be replaced by an infrared 
laser of suitable Wavelength. Most preferably, heated source 
10 is implemented as a blackbody device, Which combines 
relatively loW cost With high controllability, uniformity and 
stability. For each implementation of source 10, appropriate 
modi?cation of the optical arrangement 14 may be required, 
as Will be clear to one ordinarily skilled in the art. 

[0030] The term “blackbody device” as used herein in the 
description and claims refers to a device for generating 
thermal radiation Wherein the radiating surfaces are substan 
tially enclosed Within, or themselves de?ne, a cavity, and 
Wherein the radiation emanates from an aperture having an 
area signi?cantly smaller than the surface area of the device. 
Although described in the conteXt of a preferred implemen 
tation using such a “blackbody device”, it should be appre 
ciated that other devices simulating blackbody radiation, or 
other relatively small thermal targets, may also be used to 
implement the present invention. 

[0031] The temperature range required for heated source 
10 varies according to a number of parameters, and most 
predominantly, the intended effective temperature of the 
target and the ratio of magni?cation (enlargement) required 
to achieve the intended target siZe. In a typical case, the 
operating temperature range of the heated source lies in the 
range from ambient temperatures up to about 1000° C. For 
temperature differences of up to a feW degrees, and for target 
siZes of up to about 1 meter, a smaller operating range of a 
feW hundred degrees is typically sufficient. 

[0032] As mentioned earlier, it is a particular feature of 
preferred implementations of the present invention that the 
projected thermal target may have larger dimensions than 
the projection region 12 of the heated source. Thus, the 
projection region 12 generally has a maXimum dimension of 
not more than about 30 cm, and more typically betWeen 
about 2 cm and 10 cm, Whereas the targets projected 
typically have a maXimum dimension from 50 cm up to 
several meters. It should be noted that the optical enlarge 
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ment of the thermal image according to the present invention 
provides signi?cant advantages of controllability. Speci? 
cally, it should be noted that temperature differences of one 
or more degrees Celsius at heated source 10 are mapped to 
differences of a fraction of a degree in the effective target 
temperature, thereby providing increases precision and sta 
bility of the effective target temperature. 

[0033] In many cases, direct thermostatic control of heated 
source 10 is enough to control the target temperature. In 
some cases, it may be convenient to include a variable 
aperture 18 as part of optical arrangement 14 to alloW 
immediate adjustment of an intensity of the thermal radia 
tion incident on the target region. The provision of variable 
aperture 18 essentially reduces the target temperature adjust 
ment Which could take hours With a large conventional target 
to a matter of seconds, since the aperture adjustment instan 
taneously changes the intensity of radiation reaching surface 
16 and hence the apparent temperature differential relative to 
the background. Variable aperture 18 is typically imple 
mented as a standard diaphragm such as is common in 
optical cameras. 

[0034] Optical arrangement 14 is implemented using opti 
cal components suited for the relevant Wavelengths, prefer 
ably in the range of 3-5 pm or 8-14 pm, as is knoWn in the 
art. In a simple implementation, a single conveX lens can be 
used. In this case, variable magni?cation is preferably 
achieved by varying the spacing both from projection region 
12 to the lens and from the lens to surface 16. 

[0035] Optionally, in order to facilitate adjustment of the 
magni?cation Without requiring repositioning of multiple 
elements, optical arrangement 12 may include an optical 
Zoom (not shoWn). A further optional implementation of 
optical arrangement 12 employs a set of lenses or other 
optical elements (not shoWn) mounted so as to be selectively 
inserted into the optical path so that the various lenses, either 
alone or in different combinations, provide multiple levels of 
magni?cation. 

[0036] Clearly, the aforementioned lens-based implemen 
tations may equally be implemented using mirror-based 
optics With suitable focusing mirror elements. Similarly, 
implementations based upon diffractive optical elements 
(“DOE’s”) may be used to advantage. 

[0037] Most preferably, in order to ensure maXimum ef? 
ciency and maXimum uniformity, the optical arrangement 
and geometrical layout is arranged so as to focus the thermal 
radiation to effectively form an image of projection region 
12 on surface 16. 

[0038] Where the entirety of surface 16 corresponds to the 
intended target, optical arrangement 14 is con?gured to 
direct the thermal radiation onto the entirety of surface 16. 
For maXimum uniformity of the thermal target, it is typically 
preferable that the thermal radiation is directed over a range 
of directions extending beyond the surface. By Way of a 
parenthetical note, in order to facilitate the focusing proce 
dure, it may be convenient to temporarily displace the 
optical arrangement out of alignment so that an edge of the 
thermal radiation pattern falls Within the surface as vieWed 
by a suitable sensor. For reasons of uniformity and ef? 
ciency, it is typically preferable that optical arrangement 14 
be deployed With its optical aXis falling roughly central 
Within the target region of surface 16, and With its optical 
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ads roughly perpendicular (e.g., at betWeen about 70° and 
about 110°) to the target region surface. In most cases, it is 
also preferable that the optical arrangement 14 be positioned 
at a distance from surface 16 signi?cantly greater than the 
maXimum target region dimension DT. Thus, the distance 
from optical arrangement 14 to surface 16 is preferably at 
least about ?ve times DT. This substantially avoids non 
uniformity Which could otherWise result from varying angles 
of incidence across surface 16. 

[0039] In certain cases, it is desired to project a target onto 
only a part of the surface, or so as to have a particular shape, 
pattern or distribution. For such purposes, optical arrange 
ment 14 is preferably supplemented by a mask (not shoWn) 
for de?ning a shape of the target region onto Which the 
thermal radiation is projected. The mask may be a binary 
(occluding/transparent) mask, or may have multiple levels 
of transparency to achieve any desired target temperature 
pattern or distribution. In an implementation based on 
DOE’s, the effect of a mask may be integrated With the 
required diffractive optical properties Within a single DOE 
as is knoWn in the art. 

[0040] Turning noW to surface 16, this is preferably con 
?gured to scatter a signi?cant proportion of the thermal 
radiation to ensure non-directionality of the target. In other 
Words, the surface preferably re?ects primarily diffusely 
rather than specularly at least in the relevant range of 
Wavelengths. Additionally, in order to minimiZe absorption 
of the thermal radiation by the surface and to minimiZe the 
contribution of the target body’s oWn temperature to the 
target radiation, the surface is preferably chosen, or treated, 
to ensure an emissivity no greater than 0.5. For relatively 
small temperature differences betWeen the thermal target 
and ambient temperatures, an emissivity around 0.5 or even 
greater is typically acceptable. For larger temperature dif 
ferences, and to avoid bulk heating of the target material 
itself, loWer emissivity of 0.2 or less is preferred. 

[0041] One preferred technique for achieving the require 
ment of radiation scattering (i.e., minimal spectral re?ec 
tion) While also minimiZing the surface emissivity is by 
applying to the surface a coating (typically a paint) contain 
ing particles of a loW emissivity material such as aluminum. 
In this case, the random orientations of the particles ensures 
scattering While the loW emissivity of inherent to the mate 
rial of the particles is largely maintained. 

[0042] Although re?ective target surfaces are typically 
preferred for their loW cost and Wear resistance, it should be 
noted that a transmissive target projection surface 16 also 
falls Within the scope of the present invention. One non 
limiting eXample of a suitable material for use as a trans 
missive scattering thermal target screen is amorphous sili 
con. 

[0043] As mentioned earlier, it is sometimes desirable to 
generate certain features in the thermal target. One option 
mentioned earlier is the use of a mask or DOE to modify the 
thermal radiation illumination pattern. An alternative, or 
supplementary, option is to provide regions of surface 16 
With modi?ed optical properties in the relevant range of 
Wavelengths. In one basic eXample of such an implementa 
tion, a pattern of light and dark bars such as is used in the 
“four-bar” sensor resolution test can be achieved simply by 
applying a set of spaced parallel strips of adhesive tape to 
surface 16, thereby increasing the emissivity/absorption of 
those regions. 
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[0044] Prior to initial use for a given con?guration and 
spacing, the system is ?rst set up as shoWn, a suitably 
calibrated thermal radiation sensor is directed toWards the 
projected thermal target and either radiation source 10 or 
more preferably variable aperture 18 is adjusted until the 
required temperature differential betWeen the target and the 
background is achieved. This is repeated for a range of 
different temperature differentials, thereby calibrating the 
target projection system for subsequent use. Optionally, by 
integrating With the calibrated sensor a suitable micropro 
cessor-based controller and aperture-controlling actuator, 
this calibration procedure may be automated. 

[0045] Additionally, or alternatively, by addition of a 
suitable microprocessor-based controller and aperture-con 
trolling actuator, subsequent system operation can be auto 
mated so that the operator merely selects a desired tempera 
ture differential and the system generates the required 
settings. 

EXAMPLE 1 

[0046] Target requirements Were de?ned as folloWs: 1 
meter square target in the ?eld at a range of 1 km from an 
imaging system to be tested. The target’s apparent tempera 
ture should be controllable to generate an apparent tempera 
ture difference (AT) betWeen the target and the background 
of betWeen 0° C. and 110C in steps of about 02° C. The AT 
should be uniform across the target and stable for at least a 
feW minutes. 

[0047] The components used Were as folloWs: 

[0048] A 1 m><1 m plate painted With loW emissivity 
(about 0.3) paint. 

[0049] Ablackbody of 2.5 cm aperture diameter With 
a temperature range of 40° C.-1000° C. 

[0050] A lens With a focal length of about 140 mm 
and a diameter of about 135 mm in combination With 
a variable aperture. 

[0051] The blackbody, the lens and the aperture Were 
placed about 8 meters from the plate and the image of the 
blackbody’s aperture Was focused on the plate so as to form 
an image larger than the plate, thereby illuminating the plate 
uniformly. The blackbody Was set to 800° C. and the 
variable aperture near the lens Was used to vary the target’s 
temperature. 

[0052] The result Was a target With easily controlled AT 
With resolution of better than 02° C., and temperature 
uniformity of about 01° C. RMS. 

[0053] It Will be appreciated that the above descriptions 
are intended only to serve as examples, and that many other 
embodiments are possible Within the scope of the present 
invention as de?ned in the appended claims. 

What is claimed is: 
1. A method for generating a thermal target comprising: 

(a) generating hot-body thermal radiation from a heated 
source, said thermal radiation emanating from a pro 
jection region having a ?rst maximum dimension; and 

(b) employing an optical arrangement to project at least 
part of said thermal radiation onto a target region of a 
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surface, said target region having a second maximum 
dimension greater than said ?rst maximum dimension. 

2. The method of claim 1, Wherein said heated source is 
a blackbody device. 

3. The method of claim 1, Wherein said optical arrange 
ment includes a variable aperture, the method further com 
prising adjusting the variable aperture so as to vary an 
apparent temperature of the projected target. 

4. The method of claim 1, Wherein said optical arrange 
ment includes a mask for de?ning a shape of the target 
region onto Which the thermal radiation is projected. 

5. The method of claim 1, Wherein said target region 
includes the entirety of the surface. 

6. The method of claim 5, Wherein said optical arrange 
ment directs the thermal radiation over a range of directions 
extending beyond the surface. 

7. The method of claim 1, Wherein the surface has an 
emissivity of less than 0.2. 

8. The method of claim 1, Wherein the surface has an 
emissivity of less than 0.1. 

9. The method of claim 1, Wherein the surface provides a 
scattering effect for the thermal radiation. 

10. The method of claim 1, Wherein the surface is formed 
by a coating containing particles of material having emis 
sivity less than 0.2. 

11. The method of claim 1, Wherein the surface is formed 
by a coating containing particles of aluminum. 

12. The method of claim 1, Wherein the second maximum 
dimension is at least half a meter. 

13. The method of claim 12, Wherein the ?rst maximum 
dimension is no more than 30 centimeters. 

14. A thermal target projection system comprising: 

(a) a heated source for generating hot-body thermal 
radiation, said thermal radiation emanating from a 
projection region having a ?rst maximum dimension; 

(b) a surface; and 

(c) an optical arrangement deployed to project at least part 
of said thermal radiation onto a target region of said 
surface, said target region having a second maximum 
dimension greater than said ?rst maximum dimension. 

15. The system of claim 14, Wherein said heated source is 
a blackbody device. 

16. The system of claim 14, Wherein said optical arrange 
ment includes a variable aperture for adjusting an intensity 
of said thermal radiation incident on said target region. 

17. The system of claim 14, Wherein said optical arrange 
ment includes a mask for de?ning a shape of said target 
region onto Which said thermal radiation is projected. 

18. The system of claim 14, Wherein said optical arrange 
ment is con?gured to direct said thermal radiation onto the 
entirety of said surface. 

19. The system of claim 18, Wherein said optical arrange 
ment is con?gured to direct said thermal radiation over a 
range of directions extending beyond said surface. 

20. The system of claim 14, Wherein said surface has an 
emissivity of less than 0.2. 

21. The system of claim 14, Wherein said surface has an 
emissivity of less than 0.1. 

22. The system of claim 14, Wherein said surface is 
con?gured to scatter said thermal radiation. 

23. The system of claim 14, Wherein said surface is 
provided by a coating containing particles of material having 
emissivity less than 0.2. 
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24. The system of claim 14, wherein said surface is 
provided by a coating containing particles of aluminum. 

25. The system of claim 14, Wherein said second maXi 
mum dimension is at least half a meter. 

26. The method of claim 25, Wherein said ?rst maximum 
dimension is no more than 30 centimeters. 

27. A method for generating a thermal target comprising: 

(a) providing a source of electromagnetic radiation having 
a Wavelength in the range from 3 microns to 14 
microns; 
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(b) employing an optical arrangement to project at least 
part of said electromagnetic radiation onto a target 
region of a surface; and 

(c) adjusting at least one of said source and said optical 
arrangement so as to achieve a prede?ned temperature 
difference betWeen at least part of the target region and 
a background region as measured by a given radiant 
heat sensor. 


